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DESCRIPTION 

Multiscale localization proceduie 

Tbe piesmt invoition lelates gmerally to position and/or onratation measurements. In 
particular, the present invention relates to a tracking method for tracking a sensor in a cs^ture 
5 range in a field gmerated by a field g^erator, a tracking sy stmi for tracking a sensor in a 
capture rangQ in a field generated by a field generator and to a computer program product 
comprising computer program code means. 

Known systems for pecfoiming position measuremmts use a localization systmi with a given 
1 0 fixed capture rangp and accuracy and resolution . Having a fixed size and dearably large 
capture range often comes at the cost of decreased accuracy in resolution. TMs bears two 
problems: either the capture range or the accuracy and resolution do not matcli the needs of a 
user. 

15 P.G. Seiler et all "A novel tracking technique for the continuous precise measurement of 
tumour positions in conformal radiotherapy" Phys. Med. BioL 45 (2000) N103-N110 
describes a tracking techinque using niagnetic fields as inf 

generator and a field sensor, similar to other magnetic traddng applications such as Wynn et 
al '^Advanced supercx>nductiQg gradiometer/magnetometer arrays and a novel signal 
20 procesauig technique" IEEE Trans. Magn. 1 1 701-7. However, the capture range defined by 
the field ^erated with the field ^nerator remains the sanoe for all applications and 
measurements. 

It is an object of the present invention to provide for a localization and tracking of a sensor 
25 with a hi^ accuracy and resolution. 
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According to an exemplary embodiment of Ihe present invention, this object may be solved 
wifh a iraddng method for tracking a sensor in a cq)tme range in a field generated by a field 
generator, wherein afield is gloated by meaos of the field gsaieralor for defining the capture 
range, a r^on of interest including the sensor is idaitified within the capture range and the 
5 c^tme range is iteratively narrowed by narrowing the field by means of a field generator to 
enclose the region of inteaest 

In other words, the localization and tracking according to this exemplaty embodiment of the 
present invention starts at a coarse level, where the region of interest is identified and 

10 navigated to. In flie foHowing iterative process, the cq>ture range of the localization and 
tracking system is narrowed step by step and the accuracy and predsion is flius increased. 
During each stq>, tiie region of interest may be subject to measurement of the position with 
increasing accuracy and predsion and a high and steadj^going jfiame rate of acquisition, 
because tiie system, has to track only one target at a time. The Iraddng of a plurahty of targets 

15 often results in a smaller flame rate. Within fliis ^Hcation. flie term "to narrow" is to be 
interpreted as includmg any adjustinent wifli respect to at least one of a size, direction and 
orientation of flie c^ture range to adueve an adjustment, shifting and/or moving of the capture 
range. The iteration ends, when the position measurement can be performed at the desired 
levd of accuracy and resolution, dtiier given by the user or the limitations of the system. 



20 



According to other exemplary embodiments of the present invention as set forth in claims 2, 3 
and 4. a position of at least one coil in the field geneacator is adjusted, the fidd generator itself 



is adjusted or an orientation of at least one coQ in flxe fidd generator is adjusted for narrowing 
flie caphne rarige. According to fliese exemplary embodiments of flie present invoition. a very 
25 simple and eEfective mefliod for nanrowing flie capture range is provided, which aUows to 
adjust the capture range wifli a high degree of accuracy. 

Preferably, flie mefliod according to flie present invention is supported by a "scalable 
localization system" which can be scaled in terms of the size and position of flie box of motion 
30 or capture range and flie accuracy and resolution. 
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According to another exemplary onbodiment of the present invention as set forth in claim 5, a 
tracking system is provided for tradking a sensor in a capture range in a field ^aearaled by a 
field generator, wherein the field generator is adapted to adjust one of a size, direction and 
5 orientation of flie capture range. Advantageously, the tracking system accordiag to the 
exensplaiy embodiment of the present invention allows to meetwilh an accuracy and 
resolution required by a user for different applications. 

As set forth in flie exemplary embodhnmts of the present invention of claims 6 to 8, the 
10 capture range may be adjusted by adjusting aposition of at least one coil in the field 

generator, by ad^ting the field gpneratOT such that it is moveable and by accordingly moving 
the field generator or by adjusting an orientation of at least one coil in the field generator. 
Alternatively, aplurality of coil anangements may be provided, each generating a different size 
of field, Le, c^ture ran^, which can be iteratively selected. 

15 

According to another exeniplary embodiment of the present invoition as set forth in claim 9, a 
con5)uter program product is provided conqwdsing conrputer program code means to perform 
the method according to the present invmtion when the computer program is executed on a 
computmzed tracking systraa. Advantageously, the computer program product according to 
20 the present invention allows to minimize a computational power required in the tracking system 
by providing an iterative procedure which can easily be performed. 

It may be seen as the gist of an exemplary embodiment of the present invention that the 
capture range is iteratively adjusted to a level where the accuracy and resolution required in a 
25 certain g^plication is met Whoi the capture ran^ is lar^, the required accuracy and 

resolution is low. So, the target area can be identified and aimed at GSvcti this kJenlificalion, 
the capture range Ban be focused and centered around the region of interest, which in turn 
leads to increased accuracy, resolution and frame rate. This process can be repeated in 
iterations leading to a small capture range and a large accuracy and resolution. 

30 



-4- 



PHDE030125 EP-P 



These and olha- aspects of the present invaition wfll become apparent ftom and elucidated 
with reference to the anbodiments described heranafler. 

Exenoplary embodiments of liie present invention wiU be described in the foUowing wiflx 
5 reference to the following drawings: 

Kg. 1 shows a schematic representation of a localization and ttaddng system according to an 
exanplaty anbodiment of the present invention. 

10 Figs. 2a to 2c are iUustrations depicting an operation of the localization and Hacking systmi of 
Kg.l. 

Fig. 3 is a schematic rqjresaitation of a field generator according to the present invention as it 
may be used in flie localization and tracking systan of Kg. 1. 

Fig. 4 shows a schematic rqiresaitalion of an exemplary embodiment of a fidd generator 
accordirig to the present invention as it may be used in the localization and Irackir^g system of 
Kg.l. 

20 Kg. 5 is a flovi^chart of an exenq)laty embodiment of a mefliod for operating the localization 
and tracking system of Kg. 1 according to tide present invention. 



Kgs. 6a to 6c are a visualization of flie iterative multiscale localization and tracking system 



m 



accordance witfilhe present inventioa 



25 



Kg. 1 shows an exemplary embodiment of a localization and tracking system accordirig to flie 
present invention. Reference character 2 designates a field generator which is connected to a 
calculation unit 4. The calculation unit 4 is connected to a sensor 6. The calculation unit 4 is 
adapted to control flie field generator 2 such tiiat it generates fields with capture ranges of a 
30 different size. Reference character 8 designates a capture range generated by the field 

generator 2 for identifying flie target area, namely flie location of flie sensor 6 and to aim at 
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Hien, the calculation unit 4 controls the field gq^nerator 2 such that it generates a nanowed 
fidd with a narrowed capture range 10, wMch includes the region of interest, narnely the 
sensor 6. Since the capture range 10 is more focused than the capture lange 8, the accuraic^ 
and resolution in the capture range 10 is higher than in the c^ture range 8 . Then, the 
5 calculation unit 4 controls the field ^erator 2 such that it generates a field for a further 

capture range 12, including the sensor 6. Since the capture range 12 is more focused than the 
capture range 10, the accuracy and resolution provided within tihLec£5)turera^ 12 is better 
than in the opture range 10. 

10 Li the following exemplary embodiments of the field generator 2, the calculation unit 4 and the 
sensor 6 will be described in firrther detail. 

The field ^erator 2 is preferably a magnetic field gen^tor and may conopiise sue differential 
coils, which form flie edges of the tetrahedron shaped assembly. Each diflBsrmtial coil 

15 comprises two coils of opposite polarization, which are positioned behind each other on the 
same axis. Therefore, during a half period of an altemating field, a magnetic pole array 
generated by the coils is varied fix)m S-N-N-S to N-S-S-N, S meaning south pole and N 
TPf^ning north pole. Such a coil arran^ment creates a raultipole field with a dominant 
quadmpole component Each coil contains 83 windings of copper wire wound on a core 

20 made of synttielic material The differential coils are assembledby means of interconnecting 
plastic pieces to form a tetrahedron with an edge length of approximately 16 cm. 

As sensor 6, a miniaturized induction coil may be used. Sucha coil may consist of 1000 
windings of insulated copper wire having a diametor of 20 ^un wound on a jdece of soft iron. 
25 By this, a sensor may be manufactured having outer dimensions of 8 mm x 0.8 mm diamet^. 
Preferably a coating is provided consisting of a thin film, of synthetic materiaL The alternating 
magnetic field created by the field generator 2 induces an altemating voltage in the sensor, 
which is measured by the calculation unit connected to the sensor 6. 
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The coils of the fieM genatal<M- 2 ate exdted one afl^ tbe other 

byanallen^cuii«rtof±2Aatl2ffl2for33rnseach.Thus,onemeas^ 
lequiies qyproximatdy 10 ms. Duiii« each cycle, the conesponding induction voltages 
detennined by the sensor 6 aie measured and evaluated by the calculation unit 4 

5 

Using six induction voltages induced in the saisor by flie six dififaential coils of the field 
generator 2. three Caitesiaa coordinates and two angles may be identified. 

An algorithm to calculate the position of sensor 6 Avifhin the space of tte 
10 be taken fitnnSeiler era/ 'A novel tracking technique for the continuous p^ 

measurement of tumor positions in conformal radiothet^y", Phys. Med. BioL 45 (2002) 
Nl 03-Nl 1 0, which is hereby incorporated by reference. The calculation unit 4 may con^aise 
a digital signal processor (DSP) and a digital to analog converter (DAQ. Furthennore. flie 
calculation unit 4 comprises a localizer system. 

15 

Figs. 2a to 2c are illustrations for further explaining an op^tion according to an exemplary 

embodimentof the present invention of the localization and liaddng system ofH^^ 1 wift 
respect to a position measurement Normally, as shown in Pig. 2a. the system is built to «,sure 
a given accuracy and resolution in a given box of motion (BOM). In other words, the field 
20 generator FG is controlled sudi that it gen^ a given capture range 14. However, the given 
acc uracy ^dres olution is not sufBdent for aU apphcations. According to the present invention. 

mis nmiianon is blTassea> providing the possibility to adjust the trade-off between the ~ 

size/dimension of the BOM and the accuracy and resolution during the tracking and/or 
localization procedure. 



25 



At the start of the mefliod. the BOM or capture range 14 is large. In this capture range 14. the 
accuracy andresolution is low. At this stage shown in Hg. 2a. the position of other parameters 
to be detennined by the system can be given only on a very coaise scale: ra = ro ±dro . 
However. hei«. the regions of interest, namely a. b. and c. can easily be identified. Then, as 
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d^ictedmHg.2b, withttieknowledgpof flie region of intexest to be lccalize4 here ro 
the BOM can be adjusted to iJie capture range 16. As obvious from Figs, 2a and 2b, the 
capture range 16 is more focused than the c^ture range 14. 

5 The position and size of the capture range 16 is controlled such that it is centered around the 
region of interest du Since the c^ture range 16 was more focused, measuremmts having a 
higher accuracy and better resolutions are possible: ra = ri ±dri with dri< dro (where dr© and 
dri are uncertainties in position). Due to the capture range having a reduced size, a higher 
frame rate of acquisition is possible because ttie system has to track only one target, namely 
10 the region of intCTest at one time and not all three targets a, b and c at the same time. This 
centering of the capture range and reducing the size of the capture range can be iterated to 
provide an even M^QT accuracy and predsion with a stq) wise smalls 
csqpture ran^ until the deshed accuracy and resolution or the highest possible accuracy and 
resolution of the system are reached 

15 

As shown in Rg. 2c, it is possible to measure paraineters of all regions of interest (a, b and c) 
inside tiie c^ture range 14 at the coarse scale. These parameters, including for example a 
position, a speed, a direction of movemmt are saved in the calculation unit 4. 

20 If, after a refinement of the capture range or B OM with respect to one region of interest, 

another region of interest lies outside the BOM, such as region of interest b in Fig, 2b, the 

saved parameters about that region of interest can be used to reJBne the BOM/capture range 

around that entity. Due to this, the system is capable of switdbing between all localizable 

regions of interest (a, b and c) to provide localization and traddng information with tiie hi^est 

f 

25 accuracy and resolution possible. 

If it happens that a moving target escapes a box of motion and thus cannot be tracked any 
more, the system can be switched back to a larger box of motion. Having done this, the 
capture range is enlarged and thus the target can again be aimed at, centered to and tracked. 

30 
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Fig, 3 shows an exraaplaiy embodiment of a field gpnoator 2 according to the presmt 
invention, as it may be used in the localizadon and teddngsys 1. The field 

generator 2 generates a magnetic field corresponding to ac^tm:e3range20. As depicted with 
am)ws 22 in Hg. 3, flie field generator 2 is moveable. By moving the field generator, which 
5 means by c h an g ing its position in relation to the environm^t, an oriratation and a position of 
the capture range 20 can be adjusted. The field generator 2 may be moved by means of 
electric actuators (not depicted in Rg. 3). However, flie field generator 2 may be mounted to 
a rail syst&m and manipulated manually. 

10 Fig. 4 shows another exemplary embodimoit of a field generator 2 as it may be used in the 
localization and tracking system of Fig. 1 according to the present invention. The field 
generator 2 depicted in Fig. 4 comprises two emitters or coils 30 and 31. The emitters or coils 
30 and 31 are arranged in the field goaerator 2 such that an orientation and/or position of the 
emitters or coils 30 and 3 1 can be changed or manipulated by means of actuators 32 and 34, 

15 Each of the emitters or coils 30 and 31 emits a beam 36 or 38. According to this exemplary 
embodiment of the present invention, by adjusting the positions and/or orientations of the 
emitter or coils 30 and 31, orientations and positions of the beams 36 and 38 can be adjusted, 
whereby a size and/or orientation of the capture range of BOM 40 can be adjusted. 
Alternatively, different sets of coils 30 and 31 naay be provided, each set having a different 

20 direction and orientation, whereby different capture ranges 40 are provided. Then, by 
selecting the respective sets of coils, a desired capture range may be selected Also, an 
aOapuve cou conilgurauon may egus^ ~~ 

Fig. 5 shows an exemplary embodiment of a method of opa^iting the localization^ and tracking 
25 system of Fig. 1 according to the present invention. After the start in step SI, the method 
continues to step S2 where, by means of tiie field generator 2, a magnetic field is generated 
which defines the capture range 8. As indicated above, flie capture range 8 is large and allows 
to localize the region of interest with the sensor 6 only on a very coarse level. Then, in the 
subsequent step S3, the region of interest, including the sensor 6 is identified within the capture 
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range 8. Jn case of more than one sensor, the sensor to be tracked has to be selected 
manually or by suitable automadc me ans; e.g- selecting the sensor closest to a givm 
anatomical structure. Then, ftie method continues to S4, where the cepture range is narrowed, 
Ihe capture range is narrowed sudi that the region of intea:est identified in step S3 is in the 

5 centerof the capture range with the reduced size. As indicated in Rg^ 1, in step S4 the 

capture ran^ is reduced fix)m the c^ture ran^ 8 to the capture range 10. The capture range 
may be nanowed by eitha: adjusting a position of the at least one emitter/ coil in the field 
generator 2, displacing the field g^erator 2 or by adjusting an orientation of the at least one 
emitter / coil in the field generator 2. Then, in the subsequeait step S5, a query is made, 

10 whether the accuracy and resolution provided within the capture range 10 is sufficient. In case 
it is determined by an operator or by a comparison to a pre- set threshold value that the 
accuracy and resolution is not sufficient, the meftiod iteratively goes back to step S2 where a 
fidd corresponding to the reduced capture range is ^nerated Thm, in step S3, the region of 
interest iacluding the sensor 6 is identified wilhin flie c^ture range 10. Then, in the subsequent 

15 step S4, the capture range is nanowed to the capture range 12. In case the accuracy and 
resolution is sufficient, the method continues firom step S5 to step S6, where it ends.. : 

Fig. 6a to & show a visualization of the iterative multiscale localization and tracking procedure 
according to the present invention. Li the example of Rgs. 6a - 6c, a catiieter including a 
20 sensor is inserted into an artery. The capture range or BOM, which is two-dimensional in Rg. 
6a to 6c, but which can also be one or three dimensional, is relatively large, such that the 
sensor 6 can be identified, but a localization is only possible with a limited accuracy. Then, in 
Fig. 6b, a smaller capture range 62 allows for a more accurate localization and tracking of flie 
sensor 6. 

25 

As can be taken firom Fig, 6c, an even smaller capture range 64 is provided, allowing for a 
very accurate localization and tracking of the sensor 6. 
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The present invention advantageously be j^iplied in ^Kcations wMdi are &yen by the 
localization, tracking and navigation in a cafheter laboratory, where the navigation aids a 
physician in theplacemait of interventional devices such as catheters, balloons or stents. Also, 
advantageously, flie present invention may be ^pUed in coronary q)plications or during other 
procedures such as electro-physiology (EP). Advantageously, by ^plyirig flie present 
invention, x-ray imaging of devices with virtual position information can be omitted, whidi 
allows to decrease an x-ray dose ^lied to flie patient However, the present invention may 

also be ^lied in other ^Hcations sudi as in fields of a targeted drug ddivery in the context 
of molecular imaging where flie local administration of medicine or drugs is a fiindam^tal part 
of the process. 
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CLAIMS 



1 . A tracking method for traddng a s^isor in a captuie lang^ in a field generated by a field 
generator, the mettiod coixpising ttie steps of: 

(a) generating a fidd by meam of Ihe field ^neiator for defining the 

(b) identifying a region of interest including the sensor wiftdn ttie capture range; 

5 (c) narrowingthec^turerangpbynarrowingthefieldby naeans of the field genei^ 
(d) iteatively repeating steps (a) to (c). 

2. The method of claim 1, whereui the fidd gmerator is a magnetic field generator and emits a 
magnetic field, wheidn the magnetic field ^nerator conpises at least one coil, fuiflier 

10 comprising the step of: 

adjusting a position of the at least one coil in the field generator for narrowing the capture 
range such fliat at least one of a size and shape of the captuie range is reduced. 

3- The method of claim 1, further comprisujg tiie step of displacing the field gmerator for 
15 narrowing the capture range, 

4. The method of claim 1 , wherdn the fidd gmerator is a magnetic field generator and emits a 
magnetic field, wherein the magnetic fidd ^erator cornprises at least one coil, further 
conqxrising the step of: 

20 adjusting an orientation of the at least one coil in the fidd ^nerator for narrowing the 
capture range such that a location of the capture range is adjusted. 
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5. A traddng system for tracking a sensor in a capture range in a field generated by a field 
generator, wherein the field generator is adapted to adjust at least one of a size, direction and 
oriaitation of the capture range. 

6. The tracking system of claim 5, 

wherein the field generator is a magnetic field goierator and anils a magnetic field; 
whaein the magnetic field generator comprises at least one coil; and 
wherein a position of the at least one cofl in the field generator is adjustable for nanowing the 
capture range such that at least one of a size and shape of the c^tuie range is reduced. 

7. The tiacking system of claim 5, wherein the field generator is movable for nanowing the 
capture range. 



8. The tracking system of daim 5, 

15 wherein Ihe field generator is a HMgnetic field generator and ranits a magnetic fieH; 
wherein the magnetic field ^nerator compises at least one coil; and 
wherein an orientation of flie at least one coil in tiie field generator is adjustable for nanowing 
the caphirc range such tiiat a location of the capture range is adjusted. 

20 9. A computer program product conaprising computer program code means to perfonn the 
- followim? sstnvi whpn t1i*» 



(a) generating a field by means of flie field generator fta: defining the c^turc range; 

(b) identifying a region of intraest including the sensor within the capture range; 

(c) narrowing flie captiire range by nanowing the field by means of the field generator to 
25 the region of interest; 

(d) iteratively repeating steps (a) to (c). 
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ABSTRACT 

Multiscale localization picceduie 

Position measutements ate often performed using a localization systmi with, a giv«i fixed 
capture lang^ and accuiacy and resolution- Having a fixed c^ture range often comes at the 
5 cost of decreased accuracy and resolution. According to the present invention, at the start, a 
large capture range is provided where the accuracy and resolution is low. In this large c^ture 
area, the target area can be idaatified and aimed at Wiih this idmtificalion, a smaller capture 
ran^ is iteratively provided and centered around the region of interest, which leads to an 
increased accuracy and resoluti^otL 

10 
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